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關鍵詞???????????????????
?????????? 
Abstract 
It is clear that most of the elements (except of a 
few which were formed soon after the Big Bang) are 
synthesized in the interior of stars.  As the source of 
stellar energy, nuclear reactions lead to the formation 
of a great variety of elements and isotopes.  Among 
all elements, carbon, nitrogen, and oxygen are 
probably the most important ones, not only because 
they are the most abundant elements in the universe 
behind hydrogen and helium, but also they play so 
important a roll in formation and evolution of life.  
The observation sensitivity, however, is actually the 
reason limiting the investigation of other elements and 
isotopes.  Recently, the improvement of instruments 
has opened the possibility to verify the nucleosynthesis 
model. 
In this project, we intend to lead a systematic 
investigation of another important element – sulfur – 
and its isotopes.  Sulfur is one of the most abundant 
elements in the universe behind H, He, C, N, and O.  
Although being less rich than silicon in space, sulfur 
plays more important a role in both interstellar 
chemistry and biochemistry.  It is thus interesting for 
us to study its formation and evolution.  According to 
our previous experience with the 15N study, we will 
not only observe molecular clouds in different part of 
our Milky Way, but also include data gathering from 
the Magellanic Clouds.  This study will definitely 
provide us a new view of stellar nucleosynthesis and 
“chemical evolution” in interstellar medium. 
Keywords: Nucleosynthesis; Isotope Abundance; 
Chemical Evolution; Milky Way; 
Magellanic Clouds 
二、計畫緣由與目的 
2.1. ????????? (Stellar 
Nucleosynthesis) 
???????????????????
????(????????)?????(Big Bang)
??????????????????????
??????????????(e.g., Wilson & 
Rood 1994; Timmes et al. 1995)?????????
??????????????????????
??????????????? 
???????????????????
??????????????????????
?????????????????????
??????????????????????
??????????????????????
??????????????????????
?????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????? 
???????????????????
??????????????????????
??????????????????????
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???????????????????????
????????????????(e.g., Wilson & 
Matteucci 1992; Wilson & Rood 1994; Kahane 
1995)???????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??(15N)?????????(Chin et al. 1999)??
??????????????????????
??????????????????????
??????????????????????
?????????????????????? 
z ?????????? (different products of 
the same reaction) 
????????????????????
?????????????????
(hydrogen burning)?????????(helium 
burning)?????(carbon & oxygen burning)?
???(silicon burning)??????????
???????????????????
????????????????????
????????????????????
????????????????????
?????????????? 
z ???????? (different reactions) 
????????????????????
????????????????????
????????????????????
????????????????????
????????????????????
?????? 
2.2. “????” (Primary Species) ? “???
?” (Secondary Species) 
???????????????????
??????????????????????
?????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????“????”?“?
???”? 
z ???? (primary species) 
??????????????(????)?
????????????????????
???????(primordial abundances)???
(?????????????)??????
????????????????? 
z ???? (secondary species) 
??????????????(????)?
???????????????????
“??”??????????????“???
?”??? 
????????“????”?“????”
??????????????????????
“??”????????“??”????????
??????????????????????
????“??”?“??”???????????
??????????????????????
“????”(metallicity)????????????
?“??”???? “??”???????????
??????????????????“???
?”????????? 
???????? – 14N ? 15N – ????
????????????? 14N?“????”?
15N ?“????”?????????????
14N/15N???????????????????
?????????????“????”???
?????????????????? 14N/15N
?????????????15N ???????
?“????”??????????? 15N???
??????? (?? Chin et al. 1999)? 
???????????????????
??????????????????????
??????????????????????
???????????“????” (Matteucci & 
François 1989; Chin 1995)???????????
??????????(???????????
?????????)????????????
??????????????????????
??????????????????????
?????????????????????
??????????????????????
??????????????????????
??????????????????????
? ? ? ? ? ? ? ? ? ? ? ? (observational 
constrains)? 
2.3 ? (Sulfur) ????? 
???????????????????
??????????? -??????
(proton-proton chain)???????? (4He)???
?????????????(CNO cycle)????
?????????(helium burning)??????
????? (14N)?? (12C)?? (16O)?????
?????????????????????
??????????????????????
????????????????????“?
???”??????????????????
?? 
???????????????????
??????????????????????
??????? (CO)?? (NH3)?? (H2O)???
??????????????????????
?????? (e.g., Wilson & Rood 1994)????
??????????????????????
??????????????????????
??????????????????????
??(shock wave)??????????????
(SiO2)????????????? 
???????????????????
????????????????????32S?
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33S?34S?36S???????????????? 
95.02% : 0.75% : 4.21% : 0.021% (Anders & 
Grevesse 1989)??????????????
(oxygen burning)????????????36S ?
??????????????????????
????(r-process)??????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
?????????????????????
??????????????????????
??????????????????????
???????????????? – HS – ??
??? 
???????????????????
??????????????????????
?????????? IRC +10 216 (Kahane et al. 
1988)???? 1996?????????????
?????(Chin et al. 1996)??????????
???????????32S?33S?34S?????
????????????? 36S???????
????????????? 36S ???
(Mauersberger et al. 1996)???????????
?????????????????????
????? 
1. ??????????????(CS)????
????????????? 12C32S?13C32S?
12C34S?12C33S ??????????????
??? – 12C32S – ????????????
????(optical depth)???????????
??????????? 13C32S ? 12C34S ??
??????????????????
13C/12C?????? 32S? 34S???????
??????????????? 
2. ???????? 36S??????? 34S/36S ≈ 
115 ± 17 ????????????????
???????????????????(?
?????)???????????????
????????? 
??????????????????????
????? 
三、結果與討論 
???????????????????
??????????????????????
??????????????????????
??????????????????????
???????????????? 12C32S?
13C32S?12C34S?12C33S?13C34S?12C36S ?????
??????????????????????
?? IRAM 30m???? 15m??? SEST????
IRAM 30m?????????????????
??????????????????????
SEST ???????????????????
??????????????????(radiation 
transfer)?????????????????
Effelsberg ? 100m ?????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??? 
??????????????????
13C34S ????????????????? CS
?? – 12C32S – ???????????????
??????????????????????
?????????????????????
??12C32S??????????????(optical 
depth)???????????????????
?????????????? 13C34S?????
??????? CS?????????????
??????????????????????
????? 
??????????????????
??????????????????????
??????????????????????
??????????????????????
?????????????????? 
四、計畫成果自評 
???????????????????
??????????????????????
??????????????????????
??????????????????????
????? SMTO ? 10m ??????????
????????????????? Effelsberg
? 100m??????????????????
?????????????????(radiation 
transfer)??????????????????
??????????????????????
???????? 
???????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
???????????????? 
???????????????????
????????????????????? – 
??????????????????????
??????????????????????
??????????????????????
? – ???????????????????
?????????????????????
??????????????????????
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?? 
??????? 
(a) ???? 
 DGC 12C/13C Error 12CS Error 13CS Error C34S Error 13C34S Error C33S Error C36S Error
IRAS12326 7.1  61  19  70.8  0.17 6.21 0.04 11.8 0.09 0.362 0.01 4.14  0.03 0.099 0.01 
J=2−1 7.1  61  19  46.9  0.15 3.04 0.04 7.13 0.07 0.124 0.01 2.21  0.40 < 0.10 
IRAS15290 5.0  45  16  34.1  0.22 3.99 0.06 6.92 0.14   1.95  0.05 < 0.33 
J=2−1 5.0  45  16  25.7  0.19 2.22 0.05 4.31 0.11   1.11  0.04 < 0.20 
IRAS15408 6.5  56  18  54.3  0.41 3.20 0.05 5.0 0.11       
J=2−1 6.5  56  18  48.5  0.20 2.38 0.06 5.4 0.12       
IRAS15491 6.1  53  17  64.6  0.15 8.15 0.04 15.7 0.13 0.463 0.02 4.00  0.03 0.137 0.01 
J=2−1 6.1  53  17  53.4  0.16 5.39 0.04 11.1 0.09 0.397 0.02 3.27  0.04 < 0.12 
IRAS15520 6.2  54  17  99.6  0.28 18.6 0.09 31.2 0.10 1.390 0.02 10.20 0.06 0.215 0.02 
J=2−1 6.2  54  17  49.7  0.47 8.04 0.08 15.2 0.09 0.585 0.02 4.77  0.06 0.106 0.01 
IRAS15567 4.3  40  15  52.5  0.38 3.71 0.05 8.07 0.12 0.114 0.01 1.25  0.03 < 0.11 
J=2−1 4.3  40  15  35.8  0.35 2.00 0.06 4.6 0.08 0.143 0.01 1.30  0.04 < 0.11 
IRAS16065 5.3  47  16  60.9  0.30 8.51 0.06 17.0 0.14 0.475 0.02 3.29  0.05 < 0.33 
J=2−1 5.3  47  16  39.6  0.22 4.55 0.06 10.0 0.10 0.321 0.02 2.97  0.06 < 0.12 
IRAS16164 5.4  48  16  62.6  0.19 8.69 0.06 13.8 0.15       
J=2−1 5.4  48  16  45.0  0.17 5.46 0.06 10.6 0.10       
IRAS16172 5.6  50  17  99.0  0.31 16.1 0.08 28.9 0.10 1.07 0.02 8.57  0.04 0.181 0.02 
J=2−1 5.6  50  17  91.1  0.44 11.90 0.07 22.9 0.08 0.860 0.02 7.43  0.05 0.139 0.02 
IRAS16506 6.2  54  17  29.9  0.13 2.99 0.05 6.63 0.05       
J=2−1 6.2  54  17  25.1  0.10 2.18 0.04 4.92 0.05       
IRAS16562 7.0  60  19  104  0.19 8.18 0.05 17.8 0.06 0.359 0.01 4.01  0.02   
J=2−1 7.0  60  19  78.1  0.18 5.51 0.05 12.6 0.05 0.282 0.02 3.21  0.02   
IRAS17009 6.5  56  18    5.84 0.06 10.2 0.05       
J=2−1 6.5  56  18    4.13 0.05 9.09 0.05       
IRAS17059 6.1  53  17  35.7  0.12 4.44 0.04 11.7 0.06 0.436 0.02 2.97  0.03   
J=2−1 6.1  53  17  34.6  0.11 3.66 0.04 8.14 0.05 0.235 0.01 2.33  0.03   
IRAS17160 2.9  29  14  34.9  0.17 3.26 0.06 7.50 0.07 0.259 0.01 1.44  0.02   
J=2−1 2.9  29  14  34.2  0.18 2.81 0.05 5.54 0.07 0.191 0.01 1.51  0.06   
IRAS17233 7.8  66  20  72.6  0.35 11.4 0.06 21.1 0.11 1.23 0.02 5.55  0.06   
J=2−1 7.8  66  20  57.7  0.32 7.51 0.05 14.7 0.08 0.466 0.02 4.60  0.03   
IRAS17257 6.3  55  18  98.6  0.19 8.87 0.03 20.0 0.08 0.549 0.02 4.47  0.03   
J=2−1 6.3  55  18  77.7  0.16 6.34 0.03 13.7 0.06 0.497 0.02 3.39  0.03   
Orion-KL 9.0  75  21  289  1.48 12.2 0.13 27.8 0.27 0.677 0.02 9.34  0.94 0.271 0.06 
J=2−1 9.0  75  21  125  0.48 4.63 0.06 11.3 0.11 0.116 0.01 3.12  0.07 < 0.24 
M17SW 6.4  56  18  106  0.14 5.04 0.13 14.2 0.12 0.166 0.04 3.00  0.06 < 0.30 
J=2−1 6.4  56  18  75.5  0.11 3.55 0.12 9.13 0.10 < 0.10 2.55  0.08 < 0.33 
NGC6334A 7.0  60  19  133  0.49 18.8 0.09 35.6 0.15 1.24 0.02 11.2  0.26 0.227 0.01 
J=2−1 7.0  60  19  103  0.31 11.0 0.07 21.8 0.05 0.702 0.02 6.90  0.09 0.191 0.02 
NGC6334B 7.0  60  19  103  0.43 8.92 0.09 20.0 0.09 0.547 0.02 4.51  0.06 0.114 0.02 
J=2−1 7.0  60  19  86.2  0.29 7.94 0.08 17.9 0.06 0.618 0.02 4.59  0.10 0.338 0.02 
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(b) ???? 
 12CS/13CS Error 13CS/C34S Error C34S/C33S Error 13CS/13C34S Error C34S/13C34S Error C34S/C36S Error
IRAS12326 11.40 0.10 0.526 0.007 2.85 0.04 17.2 0.6 32.6 1.1 120 13
J=2−1 15.43 0.25 0.426 0.010 3.22 0.61 24.5 2.3 57.5 5.2 > 71
IRAS15290 8.55 0.18 0.577 0.020 3.55 0.16     > 21
J=2−1 11.58 0.35 0.515 0.025 3.90 0.24     > 22
IRAS15408 16.97 0.39 0.635 0.024         
J=2−1 20.38 0.60 0.442 0.021         
IRAS15491 7.93 0.06 0.519 0.007 3.93 0.06 17.6 0.8 33.9 1.7 115 9 
J=2−1 9.91 0.10 0.486 0.008 3.40 0.07 13.6 0.8 28.0 1.6 > 93
IRAS15520 5.35 0.04 0.596 0.005 3.06 0.03 13.4 0.3 22.4 0.4 145 14
J=2−1 6.18 0.12 0.529 0.008 3.18 0.06 13.7 0.6 26.0 1.0 143 14
IRAS15567 14.15 0.29 0.460 0.013 6.46 0.25 32.5 3.3 70.8 7.3 > 73
J=2−1 17.90 0.71 0.439 0.021 3.50 0.17 14.0 1.4 31.9 2.8 > 41
IRAS16065 7.16 0.09 0.501 0.008 5.17 0.12 17.9 0.9 35.8 1.8 > 52
J=2−1 8.70 0.16 0.455 0.011 3.37 0.10 14.2 1.1 31.2 2.3 > 83
IRAS16164 7.20 0.07 0.630 0.011         
J=2−1 8.24 0.12 0.515 0.011         
IRAS16172 6.15 0.05 0.557 0.005 3.37 0.03 15.0 0.4 27.0 0.6 160 18
J=2−1 7.66 0.08 0.520 0.005 3.08 0.03 13.8 0.4 26.6 0.7 165 24
IRAS16506 10.00 0.21 0.451 0.011         
J=2−1 11.51 0.26 0.443 0.013         
IRAS16562 12.71 0.10 0.460 0.004 4.44 0.04 22.8 0.8 49.6 1.5   
J=2−1 14.17 0.16 0.437 0.006 3.92 0.04 19.5 1.6 44.7 3.3   
IRAS17009   0.573 0.009         
J=2−1   0.454 0.008         
IRAS17059 8.04 0.10 0.379 0.005 3.94 0.06 10.2 0.6 26.8 1.4   
J=2−1 9.45 0.13 0.450 0.008 3.50 0.07 15.6 0.8 34.6 1.7   
IRAS17160 10.71 0.25 0.435 0.012 5.21 0.12 12.6 0.7 29.0 1.4   
J=2−1 12.17 0.28 0.507 0.015 3.68 0.19 14.7 1.0 29.0 1.9   
IRAS17233 6.37 0.06 0.540 0.006 3.80 0.06 9.27 0.2 17.2 0.4   
J=2−1 7.68 0.09 0.511 0.006 3.19 0.04 16.1 0.8 31.5 1.5   
IRAS17257 11.12 0.06 0.444 0.003 4.47 0.05 16.2 0.6 36.4 1.5   
J=2−1 12.26 0.08 0.463 0.004 4.04 0.05 12.8 0.6 27.6 1.2   
Orion-KL 23.65 0.37 0.439 0.009 2.98 0.33 18.0 0.7 41.1 1.6 103 24
J=2−1 26.95 0.45 0.410 0.009 3.62 0.12 39.9 4.0 97.4 9.3 > 47
M17SW 21.03 0.57 0.355 0.012 4.73 0.13 30.4 8.1 85.5 21.3 > 47
J=2−1 21.27 0.75 0.389 0.017 3.58 0.15 > 36 > 91 > 28
NGC6334A 7.07 0.06 0.528 0.005 3.18 0.09 15.2 0.3 28.7 0.6 157 8 
J=2−1 9.36 0.09 0.505 0.004 3.16 0.05 15.7 0.5 31.1 1.0 114 12
NGC6334B 11.55 0.16 0.446 0.007 4.43 0.08 16.3 0.8 36.6 1.5 175 32
J=2−1 10.86 0.15 0.444 0.006 3.90 0.10 12.8 0.5 29.0 1.0 53 3 
 
